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Although pleural effusion is a common disorder among patients presenting with respiratory
symptoms, there is limited evidence on the accuracy and reliability of symptoms and signs
for the diagnosis of pleural effusion. In our study, conducted at a rural hospital in India,
two physicians, blind to history and chest radiograph findings, and to each other’s results,
independently evaluated 278 patients (196 men), aged 12 and older, admitted with
respiratory symptoms. We did a blind and independent comparison of physical signs
(asymmetric chest expansion, vocal fremitus, percussion note, breath sounds, crackles,
vocal resonance and auscultatory percussion) with the reference standard (chest
radiograph). We measured diagnostic accuracy by computing sensitivity, specificity, and
likelihood ratios (LRs), and inter-observer reliability by using kappa (k) statistic. We
performed multivariate analysis to identify the clinical signs that independently predict
pleural effusion. The prevalence of pleural effusion was 21% (57/278). The LRs of positive
signs ranged from 1.48 to 8.14 and their 95% confidence intervals (CIs) excluded 1. Except
for pleural rub, the LRs for negative signs ranged between 0.13 and 0.71. The
interobserver agreement was excellent for chest expansion, vocal fremitus, percussion
and breath sounds (k 0.84–0.89) and good for vocal resonance, crackles and auscultatory
percussion (k 0.68–0.78). The independent predictors of pleural effusion were asymmetric
chest expansion (odds ratio [OR] 5.22, 95% CI 2.06–13.23), and dull percussion note (OR
12.80, 95% CI 4.23–38.70). For the final multivariate model, the area under receiver
operating characteristic curve (ROC curve) was 0.88. In conclusion, our data suggest that
physical signs may be helpful to rule out but not rule in pleural effusion.
& 2006 Elsevier Ltd. All rights reserved.Elsevier Ltd. All rights reserved.
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S. Kalantri et al.432Introduction too ill, discharged or death prior to ascertainment of signs,Pleural effusion is a common disorder among patients
presenting with respiratory symptoms. In our rural hospital
in India (Mahatma Gandhi Institute of Medical Sciences,
MGIMS) Sevagram, Maharashtra, 20% of patients admitted
with respiratory symptoms have pleural effusion (unpub-
lished data). Although chest radiography and ultraosono-
graphy are gold standards for the diagnosis of pleural
effusion, they are often not available in resource-poor
settings where, instead, physicians rely on history and
physical examination findings. Physical examination is less
sensitive in patients with small effusions or thick chest
walls, and cannot accurately distinguish effusion from
pleural thickening or underlying lung disease.
Previous studies on physical signs and symptoms in
respiratory medicine have focused largely on pneumonia,1–3
chronic obstructive pulmonary disease (COPD),4–6 acute
respiratory illness,7 and acute respiratory distress syn-
drome.8 Some of these studies omit critical information
such as whether the sampling was random or consecutive,
and whether the comparisons between the index and
reference tests were independent and blind.9 Selection
and spectrum bias, known to influence validity of a
diagnostic study,10 is a common methodological flaw in
several studies.11 Also, inter-observer errors in eliciting
and interpreting respiratory signs are common.3,12 Spiteri
et al.13 showed that several respiratory signs such as
increased tactile fremitus and whispered pectoriloqui had
poor inter-observer reliability.
Currently, there is insufficient evidence on the accuracy
of symptoms and signs for diagnosing pleural effusion.
Diagnostic studies on accuracy of physical signs for detecting
pleural effusion are almost entirely limited to auscultatory
percussion.14–16 We failed to identify any study that assessed
the accuracy of symptoms and complete chest examination
for detecting pleural effusions. We, therefore, conducted
this study to evaluate the accuracy of physical signs for
detecting pleural effusion among hospitalized patients in a
rural teaching hospital in Central India.
Methods
Participants
The MGIMS, Sevagram is a rural medical school in Central
India. It is a 648-bed teaching institution with 325 000
patient visits and 6500 admissions (about 150 with pleural
effusion) to the internal medicine service each year.
Between February and July 2005, a study co-coordinator
(TL) consecutively screened all patients admitted to the
internal medicine service, identified potentially eligible
patients and used pre-specified inclusion and exclusion
criteria to enroll patients. Ethical committee approval for
this study was obtained from the institutional review board
at the MGIMS hospital, Sevagram.
Inclusion criteria were two or more of the following
symptoms within 2 weeks prior to admission: (i) fever, (ii)
lower chest pain worsened by cough, sneeze, deep inspira-
tion, or movement, (iii) dyspnoea and (iv) cough (dry or
productive). Exclusion criteria were: (i) pregnancy, (ii) being(iii) known pleural effusion and (iv) pleural aspiration
performed before examination by study physicians. Body
mass index (BMI) (weight in kilograms divided by the square
of height in meters) was calculated for all eligible patients.
Ascertainment of physical signs
The two study physicians (RJ and AS, internists with 6 and 3
years of post-graduate clinical experience and referred to as
physicians 1 and 2, respectively) on average evaluate 50
patients with pleural effusion every year. Both teach
bedside pulmonary medicine to medical students. Before
enrollment began, they performed a standardized physical
examination to ensure that physical signs were consistently
elicited and interpreted. Blinded to history, vital signs, each
other’s findings and the results of the reference standard,
they performed chest examination by symmetric inspection,
palpation, percussion and auscultation from apex to base,
with the patient sitting, and breathing at tidal volume. The
interval between physician 1 and 2’s examinations ranged
from one half to 6 h. The following signs were recorded as
yes/no variables, using standard methods17,18:1. Chest expansion: Visible difference in excursion between
the two sides of the chest (coded as: symmetric ¼ 0;
asymmetric ¼ 1).2. Tactile vocal fremitus: Patients were asked to recite a
number repeatedly and evenly while physicians com-
pared the areas of the chest (coded as: normal or
increased ¼ 0; reduced or absent ¼ 1).3. Percussion note: The chest was percussed according to
the areas of the chest defined in the structured
proforma. Physicians were instructed to strike with
identical force (coded as: resonant ¼ 0; dull ¼ 1).4. Vocal resonance: With their stethoscopes placed over
the patients’ chest, the physicians asked the patient to
recite a number. (coded as: present ¼ 0; reduced or
absent ¼ 1).5. Breath sounds: (coded as: present ¼ 0; diminished or
absent ¼ 1).6. Crackles: Non-musical, discontinuous, interrupted sounds
during inspiration (coded as: present ¼ 0; absent ¼ 1).7. Pleural friction rub: A creaky sound, heard during any
phase of the respiratory cycle (coded as: absent ¼ 0;
present ¼ 1).8. Auscultatory percussion: The physicians placed their
stethoscopes on the posterior chest of the seated
patient, 3 cm below the 12th rib and percussed the
posterior chest from apex to base. The test was
considered abnormal if the normal dull note changed to
an unusually loud sound with strokes above the 12th rib
(coded as: absent ¼ 0; present ¼ 1).
Ascertainment of the reference standard
All patients underwent chest radiography (postero-anterior
view) no later than 6 h after physical signs were ascertained.
Radiographs were assessed by a study investigator (SPK, a
senior clinician with 25 years experience) blinded to history
and physical examination findings. The assessment focused
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of other predominant radiological abnormalities (alveolar
infiltrates, cavitations, fibrosis, consolidation, mass lesion,
cardiomegaly and miscellaneous).7 Criteria for radiological
diagnosis of pleural effusion included blunting of costo-
phrenic angle and homogenous peripheral opacity whose
upper surface meniscus was C-shaped.19 Pleural effusion was
classified as small if the meniscus was identified in the
costophrenic angle and large if the meniscus obscured the
entire hemidiagphragm.20 In addition, we obtained ultra-
sonography of the chest in patients with minimal pleural
effusion on chest radiography. We considered the physical
sign true positive if the location of the abnormal sign on
physical examination matched with that of pleural effusion
on chest radiograph. The physical sign was considered true
negative when the physical sign was normal and the
corresponding region on the chest radiograph did not show
effusion. When the effusions were bilateral, we used the
physical signs on the hemithorax with the larger effusion to
estimate measures of diagnostic accuracy.Statistical analysis
We created two-by-two tables to calculate point estimates
and 95% confidence intervals (95% CI) for the sensitivity,
specificity, positive likelihood ratios (LR+), negative like-
lihood ratios (LR), and positive and negative predictive
values (PPV, NPV) of each symptom and sign. A likelihood
ratio is the proportion of ill people (as judged by a reference
standard, in this case radiograph) with a given test result
divided by the proportion of well people with the same test
result.21 A LR of 1 suggests an equal proportion of ill and
healthy people with the given test result.
We quantified agreement between the two physicians
using the kappa (k) statistic, a measure of agreement
corrected for chance. A k value of 0 indicates that the
observed agreement is the same as that expected by
chance. A k value of 1 indicates perfect agreement. The
following guides were used for interpreting the k statistic:
o0.2, poor agreement; 0.21–0.4, fair agreement; 0.41–0.6,
moderate agreement; 0.61–0.8, good agreement and
0.81–1.0, excellent agreement.22
We compared the frequencies of physical signs among
patients with and without pleural effusion. For bivariate
analysis, the data were analysed for an association between
a set of symptoms and all signs. Crude (unadjusted) odds
ratios (ORs) were computed to assess the strength of
association between physical signs (covariates) and pleural
effusion (outcome). The OR estimates were computed with
95% CIs. We performed unconditional logistic regression22,23
and used a forward stepwise technique in the selection of
covariates. For a variable to enter in the model, the p value
in bivariate analysis had to be o0.1 and for it to be
dropped, the P value had to be 40.1. The impact of
addition of each variable on the model was evaluated using
the likelihood ratio test. The forward, stepwise process was
continued until the best fitting, most parsimonious final
model was identified. The fit of the final model was assessed
using the Hosmer–Lemeshow goodness-of-fit test. The
results of the final models are presented as adjusted ORs
with 95% CIs.We used the area under the receiver characteristic curve
to evaluate the ability of the model to discriminate patients
with and without pleural effusion. All analyses were done
with STATA software (Version 9, Stata Corporation, TX, USA)
and StatsDirect software (www.statsDirect.com). We com-
pared continuous variables between groups with a t-test and
categorical variables with a w2-test.
Results
Study participants
Figure 1 shows the study profile. Between February 15 and
July 31, 2005, we screened 3067 patients, 12 years of age
and older, admitted to the internal medicine service. Table 1
describes patient characteristics according to the presence
(n ¼ 57) or absence (n ¼ 221) of pleural effusion. A total of
278 patients were examined by physician 1, 279 by physician
2 and 262 by both. We decided a priori to evaluate accuracy
of physical signs elicited by physician 1, the more
experienced physician. Thus our final sample size was 278
(196 men, 82 women), ages 13–80 years [mean 43 (SD 17)
years]. The prevalence of pleural effusion was 21% (95% CI,
16–25%). Of the 57 patients with pleural effusion [mean age
42 (SD 17) years; range, 15–76], 12 (21%) were women. The
mean BMI (SD) of the study population was 18.0 (SD 1.9);
range, 13.8–25.6. The clinical characteristics of the patients
(age, sex and the BMI) were similar in those with and
without pleural effusion.
Clinical and radiological diagnoses
Five diseases—tuberculosis, pneumonia, congestive heart
failure, COPD and lung cancer—accounted for three-fifths of
the final diagnoses. Radiological findings included consolida-
tion, cavitations, fibrosis, mass, infiltrates, cardiomegaly
and other conditions. Of the 57 patients with pleural
effusion, 39 (67%) had right sided effusion, 13 (24%) had
left sided effusion, and five (9%) had bilateral effusions. Of
those who had pleural effusion, 26 (46%) had tuberculosis,
12 (21%) pneumonia, 10 (17%) congestive heart failure, 6
(11%) cancer, 2 (3%) nephrotic syndrome and 1(1%) cirrhosis.
Effusions were classified as small in 39/57(65%) patients and
large in 18/57(35%) patients.
Accuracy of signs and symptoms
Table 3 summarize the diagnostic accuracy of physical signs
in patients with suspected pleural effusion. Overall, asym-
metric chest expansion, reduced vocal fremitus, percussion,
breath sounds, vocal resonance and pleural rub were
associated with LRs that yielded small increase in post-test
probability of pleural effusion (Table 3). Patients with
pleural effusion were eight times more likely to have
asymmetric than symmetric chest expansion and six times
more likely to have reduced resonance. The test character-
istics of percussion (LR0.13) and breath sounds (LR0.15)
indicated that a resonant percussion note and normal breath
sounds were a seventh as likely in someone with than
without pleural effusion. While most signs could decrease
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3067 patient admissions 
to the Internal Medicine 
service during study 
period 
300 recruited
308 patients fulfilled study 
inclusion criteria 
278 examined by 
 Physician 1 
Reference standard 
Did not co-operate for 
examination (2), too ill to  
be examined (1), too ill to 
undergo chest radiograph
(4), discharged or died 
before examination (15) 
Excluded Patients (n=8) 
Pregnant (2), Prior pleural 
tap (6) 
Pleural effusion 
Present 57/278 (21%)
Pleural effusion 
Absent 221/278 (79%)  
Asymmetric  chest expansion 42 (74%) 20 (9%)
Reduced vocal fremitus 46 (81%) 32 (15%)
Dull  percussion 51 (90%) 41 (19%)
Decreased or absent breath 
sounds 50 (88%) 37 (17%)
Reduced  vocal resonance 42 (74%) 26 (12%)
No crackles 32 (56%) 84 (38%)
Pleural rub 3 (5%) 3 (1%)
Auscultatory percussion 33 (58%) 33 (15%)
Figure 1 Study flow diagram.
Table 1 Patient characteristics.
Characteristic With pleural effusion (n ¼ 57) Without pleural effusion
(n ¼ 221)
Mean age (SD) years 42.3 (17.5) 43.1 (16.9)
Number (%) of women 12 (21.0) 70 (31.7)
Body mass index (SD) kg/m2 18.2 (2.2) 17.8 (1.9)
Cough 40 (70.1) 141 (63.8)
Fever 35 (61.4) 128(57.9)
Dyspnoea 49 (85.9) 118 (53.1)
Chest pain 24 (42.1) 36 (16.2)
Abbreviation: SD, standard deviation.
Figures in parenthesis denote percentages unless stated otherwise.
S. Kalantri et al.434the diagnostic probability of pleural effusion from 21% to 5%,
no sign increased the diagnostic probability sufficiently to
obviate the need for chest radiography. In a post hoc analysis
we compared the accuracy of physical signs in largeeffusions with that in small ones. In general, large effusions
were associated with greater frequency of reduced vocal
fremitus, reduced vocal resonance and absence of crackles
compared with small effusions.
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Table 2 Reproducibility of physical signs for pleural
effusion.
Covariate Agreement between observers
1 and 2
% k (95% CI)
Asymmetric chest
expansion
95.04 0.85 (0.73, 0.98)
Reduced vocal fremitus 94.66 0.86 (0.74, 0.97)
Dull percussion 93.1 0.84 (0.71, 0.94)
Decreased or absent
breath sounds
95.80 0.89 (0.77, 1.00)
Reduced vocal resonance 91.60 0.78 (0.66, 0.89)
No Crackles 87.73 0.67 (0.56, 0.79)
Pleural rub 94.27 0.02 (0. 57–0.78)
Auscultatory percussion 92.37 0.76 (0.64, 0.84)
Abbreviation: k, kappa statistic.
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Accuracy and reliability of physical signs in the diagnosis of pleural effusion 435Reliability of signs
Data on agreement between the two physicians were
available for 262 patients (Table 2). The results are
presented in the form of both mean pair agreement rate
as well as k values. Overall, the inter-observer agreement
was excellent for chest expansion (k ¼ 0:85; 95% CI,
0.73–0.96), vocal fremitus (k ¼ 0:86; 95% CI, 0.74, 0.97),
percussion (k ¼ 0:84; 95% CI, 0.71–0.94), and breath sounds
(k ¼ 0:89; 95% CI, 0.77–1.0). The agreement was good for
vocal resonance (k ¼ 0:78; 95% CI, 0.66–0.89), crackles
(k ¼ 0:67; 95% CI, 0.56–0.79) and auscultatory percussion
(k ¼ 0:76; 95% CI, 0.64–0.84). Although the agreement was
high for pleural rub, the k value was negative (Table 3).
Independent predictors of pleural effusion
The final logistic regression model included two physical
signs: asymmetric chest expansion (OR 5.22, 95% CI,
2.06–13.23), and dull percussion note (OR 12.80, 95% CI,
4.23–38.70). This model had area under the receiver
operating characteristic curve 0.88. Of the 57 patients with
pleural effusion 42 had these two signs, and this model had a
sensitivity of 0.73 (95% CI, 0.61–0.83), and a specificity of
0.91 (95% CI, 0.87–0.94). The presence of this combination
increased the likelihood of pleural effusion by 8.5 times
(LR+8.57, 95% CI, 5.4–13.4), and absence decreased the
likelihood by one-third (LR0.29, 95% CI, 0.19–0.45).
Discussion
We evaluated the accuracy of physical exam findings in
diagnosing the presence of pleural effusion. Of the eight
physical signs we evaluated, asymmetric chest expansion,
and dull percussion note could predict pleural effusion with
a likelihood of 8.57 (95% CI 5.4–13.4). We can interpret our
results by using likelihood ratios. In this study, a patient
suspected to have pleural effusion (presence of two or more
of the following symptoms: fever, pleuritic chest pain,
dyspnea, or cough), and with no other information at hand,
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S. Kalantri et al.436has the pretest probability of 21%. In our setting, a patient
with asymmetric chest expansion will have a 69% (95% CI,
59–78%) probability of having a pleural effusion (pretest
odds LR+ ¼ posttest odds). If the chest expansion is
symmetrical, the posttest probability is about 8% (95% CI,
5–12%). Put another way, the incremental gain of a positive
sign would be 48% (expected increase in diagnostic certainty
of pleural effusion after the positive physical sign) while the
incremental gain of a negative sign would be 13% (expected
decrease in diagnostic certainty of pleural effusion after the
negative physical sign). These data suggest that a positive
sign cannot rule in pleural effusion but a negative sign
reduces the probability of effusion by two-thirds (Table 4).
Diagnostic studies on accuracy of respiratory signs have
generated conflicting results. Evaluation of accuracy of
three vital signs and seven physical signs from four
studies1,2,12,24 showed that among ambulatory patients
presenting with fever, cough or dyspnoea no sign could
bring about a meaningful shift in the probability of effusion
(+LRs 2.0–4.1 and LRso0.5). By contrast, among patients
suspected to have COPD, symptoms and signs were
significant predictors of COPD.4,6,25
A previous case control study9 (118 patients with radio-
graphically confirmed pleural effusion and 175 controls)Table 4 Signs associated with pleural effusion.
Covariate Univariate analysis
Unadjusted
Odds ratio (95%CI)
Chest expansion
Symmetric 1.00
Asymmetric 28.14(13.32-59.42)
Vocal fremitus
Normal 1.00
Absent 27.16 (12.45-59.02)
Percussion
Resonant 1.00
Dull 37.31 (15.00-92.83)
Vocal resonance
Normal 1.00
Absent 24.23 (11.50–51.01)
Breath sounds
Present 1.00
Reduced or absent 35.52 (14.93–84.46)
Crackles
Yes 1.00
No 0.78 (0.43–1.41)
Pleural rub
No 1.00
Yes 4.03 (0.79–20.55)
Auscultatory percussion
Negative 1.00
Positive 7.83 (3.11–14.89)
Abbreviation: CI, confidence interval.
Goodness of fit ¼ 0.57; w2 ¼ 0:90.
P value by Wald test.showed that auscultatory percussion (LR+18.6 and LR0.04)
accurately ruled in and ruled out pleural effusion, including
small effusions. However, case control studies are known to
inflate the diagnostic accuracy of index tests.26 We found
that the test characteristics of auscultatory percussion in
our study were not impressive enough (LR+3.88 [95% CI,
2.62–5.67] and LR0.5[95% CI, 0.36–0.66]) to justify its use
in the bedside evaluation of pleural effusion. Our results are
similar to those of two previous studies15,16 which also
showed that this technique lacked accuracy for detecting
pleural effusion.
Inter-observer errors in eliciting and interpreting respira-
tory signs are common and can reduce the validity of a
diagnostic test.13,14 For example, Spiteri et al.13 investi-
gated agreement between 24 physicians on the presence or
absence of respiratory signs. The k values ranged from 0.11
(whispering pectoriloqui) to 0.52 (reduced percussion note).
The authors concurred with an earlier observation14 that
respiratory signs lack reliability. The inter-observer agree-
ment in our study, by contrast, was excellent for chest
expansion, vocal fremitus, percussion and breath sounds.
The k statistic was negative for pleural rub, though there
was moderate agreement between the two physicians,
possibly because of low frequency of this sign in our study.Multivariate analysis
P value Adjusted P value
Odds ratio (95%CI)
o0.001 5.22 (2.06–13.23) o0.001
o0.001
o0.001 12.80 (4.23-38.70) o0.001
o0.001
o0.001
0.42
0.76
o0.001
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Accuracy and reliability of physical signs in the diagnosis of pleural effusion 437Our study has several strengths. We used a cross sectional
study design and a consecutive sampling scheme to enroll
patients. Our patients represent a typical Indian rural
population. By enrolling patients with diverse respiratory
diseases we reduced the likelihood of spectrum bias. We did
a blind and independent comparison of symptoms and signs
with the reference standard, avoiding verification and
clinical review bias. Since clinicians typically base diagnosis
of pleural effusion on a constellation of symptoms and signs,
we performed logistic regression analysis to estimate the
best model to predict pleural effusion. Finally, we examined
the precision of signs by evaluating inter-rater reliability.
Our study has several limitations. First, we used chest
radiography as a reference standard to diagnose pleural
effusion. Chest radiography is known to detect pleural
effusions of 200ml and above19 and we therefore may have
missed small effusions. However, we obtained ultrasound in
those who had questionable or minimal pleural effusion.
Ideally, we would have used ultrasound in all patients but
this was not logistically feasible. Our reference standard
therefore represents a clinically relevant reference stan-
dard. Second, our study population represents only the
hospitalized subgroup of pleural effusion patients in a rural
area. Our results cannot be generalized to community or
outpatient setting where the prevalence of pleural effusion
may not be as high. Third, the relatively low mean body
mass index of our study patients may limit generalizability
of our results to overweight individuals. Fourth, the inter-
observer reliability between the two study physicians in our
study, though impressive, could have resulted because of
the bias introduced in the interpretation of subsequent
physical signs. For example, if the study physician found
that the chest movement was asymmetrical, he was more
likely to assume that the subsequent physical signs (e.g.,
breath sounds and percussion note) would be abnormal.
Respiratory signs are not truly independent, and as we
progress from the inspection step to the final auscultation
step, the interpretation of the physical sign is affected by
the results of the previous signs. This bias is unavoidable in a
clinical setting. Also, the multivariate model that includes
asymmetric chest expansion and dull percussion note can
reliably rule out pleural effusion, but this study has not
shown if the model can discriminate effusions from other
clinical diagnoses. Fifth, in patients with bilateral effusions
we considered the hemithorax with larger effusion on chest
radiograph as abnormal. We did so because physicians
compare the normal side with the abnormal side for
interpreting a physical sign. We could have underestimated
the accuracy of physical signs by doing so. However, only five
patients had bilateral effusions; it is unlikely that our
approach could have led to physical signs look less
impressive than what they actually are. Finally, there is a
need to cross-validate our model in a new set of patients, to
confirm the validity of our findings.
In conclusion, our findings suggest that respiratory signs
can be used to rule out but not rule in pleural effusion. In
settings where chest radiography is readily available, it
should be used for definitive diagnosis. However, when chest
radiography is unavailable (e.g. in a peripheral rural primary
care center), in a patient without symptoms suggestive of
parenchymal lung lesion, a negative physical exam can
substantially reduce the probability of pleural effusion. Thesigns selected in a multivariate model are influenced by
sampling variability, hence studies in diverse settings are
needed to validate this model.
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